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FUEL GAUGE FOR FUEL CARTRIDGES 

FIELD OF THE INVENTION 

This invention generally relates to a fuel gauge for cartridges supplying fuel to various 
5 fuel cells. 

BACKGROUND OF THE INVENTION 

Fuel cells are devices that directly convert chemical energy of reactants, i.e., fuel and 
oxidant, into direct current (DC) electricity. For an increasing number of applications, fuel 

10 cells are more efficient than conventional power generation, such as combustion of fossil fuel 
and more efficient than portable power storage, such as lithium-ion batteries. 

In general, fuel cell technologies include a variety of different fuel cells, such as alkali 
fuel cells, polymer electrolyte fuel cells, phosphoric acid fuel cells, molten carbonate fuel cells, 
solid oxide fuel cells and enzyme fuel cells. Today's more important fuel cells can be divided 

15 into three general categories, namely, fuel cells utilizing compressed hydrogen (H2) as fuel; 
proton exchange membrane (PEM) fuel cells that use methanol (CH3OH), sodium borohydride 
(NaBKU), hydrocarbons (such as butane) or other fuels reformed into hydrogen fuel; and PEM 
fuel cells that use methanol (CH3OH) fuel directly ("direct methanol fuel cells" or DMFC). 
Compressed hydrogen is generally kept under high pressure and is therefore difficult to handle. 

20 Furthermore, large storage tanks are typically required and cannot be made sufficiently small 
for consumer electronic devices. Conventional reformat fuel cells require reformers and other 
vaporization and auxiliary systems to convert fuels to hydrogen to react with oxidant in the fuel 
cell. Recent advances make reformer or reformat fuel cells promising for consumer electronic 
devices. DMFC, where methanol is reacted directly with oxidant in the fuel cell, is the 

25 simplest and potentially smallest fuel cell, and also has promising power application for 
consumer electronic devices. 

DMFC for relatively larger applications typically comprises a fan or compressor to 
supply an oxidant, typically air or oxygen, to the cathode electrode, a pump to supply a 
water/methanol mixture to the anode electrode and a membrane electrode assembly (MEA). 

30 The MEA typically includes a cathode, a PEM and an anode. During operation, the 

water/methanol liquid fuel mixture is supplied directly to the anode and the oxidant is supplied 
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to the cathode. The chemical-electrical reaction at each electrode and the overall reaction for a 
direct methanol fuel cell are described as follows: 
Half-reaction at the anode: 

CH3OH + H 2 0 -> C0 2 + 6H + + 6e 
5 Half-reaction at the cathode: 

0 2 + 4H + + 4e 2H 2 0 
The overall fuel cell reaction: 

CH3OH + 1 .5 0 2 -> C0 2 + 2 H 2 0 
Due to the migration of the hydrogen ions (H + ) through the PEM from the anode 
10 through the cathode and due to the inability of the free electrons (e~) to pass through the PEM, 
the electrons must flow through an external circuit, which produces an electrical current 
through the external circuit. The external circuit may be any useful consumer electronic 
devices, such as mobile or cell phones, calculators, personal digital assistants, laptop 
computers, and power tools, among others. DMFC is discussed in United States patent nos. 
15 5,992,008 and 5,945,231, which are incorporated by reference in their entireties. Generally, the 
PEM is made from a polymer, such as Nafion® available from DuPont, which is a 
perfluorinated material having a thickness in the range of about 0.05 mm to about 0.50 mm, or 
other suitable membranes. The anode is typically made from a Teflonized carbon paper 
support with a thin layer of catalyst, such as platinum-ruthenium, deposited thereon. The 
20 cathode is typically a gas diffusion electrode in which platinum particles are bonded to one side 
of the membrane. 

The cell reaction for a sodium borohydride reformer fuel cell is as follows: 
NaBH4 (aqueous) + 2H 2 0 -> (heat or catalyst) -» 4(H 2 ) + (NaB0 2 ) (aqueous) 
H 2 -> 2H + + 2e" (at the anode) 
25 2(2H + + 2e) + 0 2 -» 2H 2 0 (at the cathode) 

Suitable catalysts include platinum and ruthenium, among other metals. The hydrogen fuel 
produced from reforming sodium borohydride is reacted in the fuel cell with an oxidant, such 
as 0 2 , to create electricity (or a flow of electrons) and water byproduct. Sodium borate 
(NaB0 2 ) byproduct is also produced by the reforming process. Sodium borohydride fuel cell is 
30 discussed in United States published patent application no. 2003/0082427, which is 
incorporated herein by reference. 
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Gauging the remaining fuel is an important consideration during the useful life of a fuel 
cartridge. The known art discloses various sensors for measuring the liquid level in a vertical 
tank or sensors to measure the concentration of methanol in the fuel-water mixtures. For 
example, United States published patent application no. 2003/0077491 discloses a liquid level 
5 detector that measures the compressive force exerted by the weight of a container. United 
States published patent application no. 2003/0091883 mentions a general sensor for 
ascertaining liquid level. United States patent no. 6,584,825 discloses a fuel gauge for 
hydrogen gas. United States patent nos. 6,254,748 and 6,306,285 and published patent 
application nos. 2003/00131663 and 2003/013462 disclose various methods and apparatus for 
10 measuring the concentration of methanol in the fuel mixture. The prior art, however, does not 
discloses a fuel gauge that functions at any fuel cartridge orientation. 

SUMMARY OF THE INVENTION 

Hence, the present invention is directed to a fuel gauge for a fuel supply to a fuel cell. 
15 The present invention is also directed to a fuel gauge for fuel supply that functions in 

any orientation of the fuel supply. 

The present invention is also directed to a fuel gauge for a fuel supply, which is 
readable by the fuel cell or the electronic equipment that the fuel cell powers. 

A preferred embodiment of the present invention is directed to a fuel gauge adapted for 
20 use with a fuel supply and an electronic equipment powered by a fuel cell, said fuel gauge 

comprises a property that is readable by an electrical circuit, wherein said property is related to 
the amount of fuel remaining in the fuel supply. The fuel gauge is functional at any orientation 
of the fuel supply. 

The readable property can be an electrical capacitance between two nodes and wherein 
25 the first node is located at a position that moves as fuel is removed from the fuel supply. The 
first node can be located on a liner containing the fuel and the liner is positioned within the fuel 
supply. The second node is located on the fuel cell or on the electronic equipment. 

The readable property can be a magnetic force between two poles and wherein the first 
pole is located at a position that moves as fuel is removed from the fuel supply. The first pole 
30 can be located on a liner containing the fuel and the liner is positioned within the fuel supply, 
the second pole is located on the fuel cell or on the electronic equipment. 
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The readable property can be the resistance of a semi-conducting resistor. Preferably, 
the semi-conducting resistor is a thermistor The thermistor is located adjacent to the fuel, and 
preferably located adjacent to a liner containing the fuel. Alternatively, the thermistor is 
located within the fuel. The electrical circuit can send an electrical current either intermittently 
5 or continuously to the thermistor to gage the amount of remaining fuel. 

The readable property can also be the resistance of a bi-metal resistor. Preferably, the 
bi-metal resistor is a thermocouple. The thermocouple is located adjacent to the fuel, and 
preferably located adjacent to a liner containing the fuel. Alternatively, the thermocouple is 
located within the fuel. The electrical circuit can send an electrical current either intermittently 
10 or continuously to the thermocouple to gage the amount of remaining fuel. 

The readable property can also be an oscillating magnetic field generated by an 
inductive sensor. A second sensor interferes with the magnetic field causing eddy currents to 
form. The inductive sensor is preferably located on the fuel cell or the electronic device and 
the second sensor is spaced apart from the inductive sensor. The distance between the 
15 inductive sensor and the second sensor, which correlates to the remaining fuel, is related to the 
strength of the oscillating magnetic field. 

The electrical circuit is located in the fuel cell or in the electronic device. Preferably, 
the fuel supply is a fuel cartridge. The fuel supply includes disposable cartridges, refillable 
cartridges, reusable cartridges, cartridges that reside inside the electronic device, cartridges that 
20 are outside of the electronic device, fuel tanks, fuel refilling tanks, and fuel containers. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings, which form a part of the specification and are to be read 
in conjunction therewith and in which like reference numerals are used to indicate like parts in 
25 the various views: 

FIG. 1 is an exploded view of a fuel cartridge in accordance with an embodiment of the 
present invention in an open position showing a portion of the fuel gauge, and FIG. 1 A is a 
cross-sectional view of a valve connectable to a liner in the cartridge; 

FIG. 2 is a perspective view of the cartridge of FIG. 1 in a closed position, and FIGS. 
30 2 A and 2B are perspective views of other valves connectable to the liner; 
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FIG. 3 is a cross-sectional view showing the fuel cartridge of FIGS. 1 and 2 with a fuel 

gauge; 

FIG. 4 is another embodiment of FIG. 3; and 

FIG. 5 illustrates other embodiments of the present invention. 

5 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

As illustrated in the accompanying drawings and discussed in detail below, the present 
invention is directed to a fuel supply, which stores fuel cell fuels such as methanol and water, 
methanol/water mixture, methanol/water mixtures of varying concentrations or pure methanol. 

10 Methanol is usable in many types of fuel cells, e.g., DMFC, enzyme fuel cell, reformat fuel 
cell, among others. The fuel supply may contain other types of fuel cell fuels, such as ethanol 
or alcohols, chemicals that can be reformatted into hydrogen, or other chemicals that may 
improve the performance or efficiency of fuel cells. Fuels also include potassium hydroxide 
(KOH) electrolyte, which is usable with metal fuel cells or alkali fuel cells, and can be stored in 

15 fuel supplies. For metal fuel cells, fuel is in the form of fluid borne zinc particles immersed in 
a KOH electrolytic reaction solution, and the anodes within the cell cavities are particulate 
anodes formed of the zinc particles. KOH electrolytic solution is disclosed in United States 
published patent application no. 2003/0077493, entitled "Method of Using Fuel Cell System 
Configured to Provide Power to One or More Loads," published on April 24, 2003, which is 

20 incorporated herein by reference in its entirety. Fuels also include a mixture of methanol, 
hydrogen peroxide and sulfuric acid, which flows past a catalyst formed on silicon chips to 
create a fuel cell reaction. Fuels also include aqueous sodium borohydride (NaBELi) and water, 
discussed above. Fuels further include hydrocarbon fuels, which include, but are not limited to, 
butane, kerosene, alcohol, and natural gas, disclosed in United States published patent 

25 application no. 2003/0096150, entitled "Liquid Hereto-Interface Fuel Cell Device," published 
on May 22, 2003, which is incorporated herein by reference in its entirety. Fuels also include 
liquid oxidants that react with fuels. The present invention is, therefore, not limited to any type 
of fuels, electrolytic solutions, oxidant solutions or liquids contained in the supply. The term 
"fuel" as used herein includes all fuels that can be reacted in fuel cells, and includes, but is not 

30 limited to, all of the above suitable fuels, electrolytic solutions, oxidant solutions, liquids, 
and/or chemicals and mixtures thereof. 
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As used herein, the term "fuel supply" includes, but is not limited to, disposable 
cartridges, refillable/reusable cartridges, cartridges that reside inside the electronic device, 
cartridges that are outside of the electronic device, fuel tanks, fuel refilling tanks, and other 
containers that store fuel. While a cartridge is described below in conjunction with the 
5 exemplary fuel gauge embodiments, it is noted that these exemplary embodiments are also 
suitable for other fuel supplies and the present invention is not limited to any particular type of 
fuel supplies. 

Suitable fuel supplies include those disclosed in co-pending patent application serial no. 
10/356,793, entitled "Fuel Cartridge for Fuel Cells," filed on January 31, 2003. The disclosure 

10 of this application is hereby incorporated in its entirety. An embodiment of a suitable fuel cell 
cartridge is shown in FIG. 1 . Cartridge 40 may contain any type of fuel cell fuels, as discussed 
above. Cartridge 40 comprises housing top 42 and housing body 44. Body 44 is configured 
and dimensioned to receive fuel liner 46. Fuel liners are fully disclosed in commonly owned, 
co-pending patent application serial no. 10/629,004, entitled "Fuel Cartridge with Flexible 

15 Liner," filed on July 29, 2003. The disclosure of this application is hereby incorporated by 
reference in its entirety. Liner 46 is connected to shut-off valve 36. Suitable shut-off valves 
include those disclosed in commonly owned, co-pending patent application serial no. 
10/629,006, entitled "Fuel Cartridge With Connecting Valve," filed on July 29, 2003. The 
disclosure of this application is hereby incorporated in its entirety. Valve 36 can be used to fill 

20 liner 46 with fuel, and it can also be used to selectively transport fuel from the liner to the fuel 
cell. In one aspect, valve 36 is mounted on upstanding endwall 50 of body 44. Endwall 50 
defines slot 48, which is adapted to receive valve 36. As shown in FIG. 1 A, valve 36 
comprises two external flanges 51 that straddle endwall 50 to secure valve 36 in place. 
Preferably, the outer flange is flushed with the outer surface of endwall 50, as shown. After 

25 valve 36 is seated, slot 48 can be sealed with a plug or a gasket inserted into slot 48. The plug 
or gasket can be made from elastomeric or rubber material, filler materials among other 
suitable sealing materials. 

Top 42 has compressible foam 52 affixed to its inside surface. Foam 52 can be single 
layer or multi-layer foam. Foam 52 is positioned adjacent to liner 46 before liner 46 is filled. 

30 Top 42 is placed on top of body 44 by means of guides 54 and corresponding holes 56. Top 42 
can be attached to body 44 by any means known in the art, such as adhesive bonding, 
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ultrasonic bonding, radio frequency, welding, heat sealing, or the like. Endwall 50 and the 
other sidewalls are similarly attached to each other and to bottom 58. Alternatively, the 
sidewalls are integrally formed to bottom 58, e.g., by injection molding, compression molding 
or thermal forming. Endwall 50 and the other sidewalls preferably have a plurality of guides 
5 60 to guide the compression and expansion of foam 52 and liner 46. 

Endwall 50 may also have venting valve 62 or gas permeable, liquid impermeable 
membrane 64 to allow air to vent when cartridge 40 is filled, or gas byproduct produced by the 
fuel cell reaction to vent during use. Membrane 64 can be is a gas permeable, liquid 
impermeable membrane to allow air to enter as fuel is consumed to minimize vacuum from 

10 forming inside the cartridge. Such membranes can be made from polytetrafluoroethylene 
(PTFE), nylon, polyamides, polyvinylidene, polypropylene, polyethylene or other polymeric 
membrane. Commercially available hydrophobic PTFE microporous membrane can be 
obtained from W.L Gore Associates, Inc, Milspore, Inc. and Filtrona, Inc., among others. 
Goretex® is a suitable membrane. Goretex® is a microporous membrane containing pores that 

15 are too small for liquid to pass through, but are large enough to let gas through. 

As illustrated in FIG. 2, after top 42 is assembled on body 44, foam 52 should be 
flushed with bottom 58 and empty liner 46. As fuel is pumped into the cartridge through shut- 
off valve 36, liner 46 expands and compresses foam 52. As foam 52 is compressed, it stores 
potential spring energy to pressurize liner 46 and assists in the transport of fuel to the fuel cell 

20 during use. Also, as fuel is pumped into the cartridge, air trapped in the cartridge is vented 
through membrane 64. Alternatively, air may be vented through vent valve 62. In one 
embodiment, valve 62 comprises channels 68 and 70. Channel 68 allows air and other gases to 
vent, while channel 70 allows liquid and gas byproducts produced by the fuel cell to be 
transported to the cartridge, if needed. As shown in FIGS. 2A and 2B, channels 68 and 70 are 

25 co-axial to each other, i.e., they can be positioned side-by-side to each other or, one can be 
positioned inside the other. Alternatively, liner 46 can be pre-filled with fuel and is then 
inserted into body 44 before top 42 is attached to body 44. Top 42 compresses foam 52 while 
being attached to body 44. 

Foam 52 may have varying porosity throughout its thickness, and may have a single 

30 layer or a plurality of layers. As illustrated in FIGS. 3 and 4, foam 52 can be replaced by wave 
or leaf spring 74 and biased plate 76. 



-7- 



Docket No. BIC-022 

A fuel gauge mechanism in accordance with one aspect of the present invention is 
shown in FIGS. 1, 3 and 4. In this embodiment, the fuel gauge comprises two sensors, and first 
sensor 78 is placed within cartridge 40. First sensor 78 should be placed on a location that 
moves as the fuel is removed to reflect the level of fuel remaining in the cartridge. For 
5 example, first sensor 78 can be placed directly on liner 46, or on foam 52 or spring plate 78. 
As shown, first sensor 78 is placed on foam 52 where it contacts liner 46 or on biased plate 78 
where it contacts liner 46. Second sensor 80 is positioned outside of cartridge 40, e.g., on fuel 
cell or electronic device 82. Second sensor 80 is electrically connected to either the fuel cell or 
to the electronic device that the fuel cell powers. The electrical circuit (schematically shown) 

10 connected to second sensor 80 can measure electrical or magnetic properties between these 
sensors, which correlate or are related to the fuel level. The electrical circuit can also be 
connected to first sensor 78 via an electrical wire extending through the wall of the cartridge. 

As used herein, "relate," "related," "correlate" or "correlated" when used to describe the 
relationship between a property measured by the sensors and the remaining fuel level include 

1 5 direct relationship, i.e. , the measured property decreases as the remaining fuel level decreases, 
or indirect relationship, i.e., the measure property increases as the remaining fuel level 
decreases and vice versa. Also, direct and indirect relationships include both linear and 
nonlinear changes between the measured property and the remaining fuel level. 

In one example, first and second sensors are made from magnetic or magnetized 

20 material. The sensors may have magnetic attraction toward each other or magnetic repulsion 
for each other, as a function of the distance "A" between the sensors. When liner 46 is 
emptied, the two sensors are in close proximity or touching each other (A is smallest) and the 
magnetic force between them is strongest. When liner 46 is full, the two sensors are the 
farthest away from each other (A is largest), and the magnetic force between them is weakest. 

25 By calibrating between these two measured points, the fuel level remaining in liner 46 as a 
function of distance "A" can be estimated. 

In another example, first and second sensors are made from electrically conductive 
material and form a capacitor between them. Second sensor 80 is connected to an electrical 
circuit (not shown) that can measure the capacitance between the two sensors. The capacitance 

30 between these sensors is a function of distance "A," and of the dielectric constants of the 
materials between the sensors. In this example, the dielectric constants of the outer shell of 
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cartridge 40, the material of liner 46 and the fuel are relevant to the measurement of 
capacitance. The electrical circuit would charge second sensor 80 to a voltage relatively higher 
than first sensor 78, and a capacitance between the sensors can be measured. When liner 46 is 
emptied, then the two sensors are in close proximity or touching each other (A is smallest) and 
5 the capacitance between them is smallest. When liner 46 is full, the two sensors are the farthest 
away from each other (A is largest), and the capacitance between them is largest. By 
calibrating between these two measured points, the fuel level remaining in liner 46 as a 
function of distance "A" can be estimated. 

The magnetic field can be measured with a Hall sensor placed on sensor 80 and 

10 connected to the electrical circuit. The Hall sensor generates a voltage that is related to the 

strength of the magnetic field generated between sensor 78 and sensor 80, when a current flows 
through the Hall sensor. The electrical circuit supplies the current and measures the generated 
voltage. Hall sensors are commercially available from Micronas Semiconductor Holding AG 
in Zurich, Switzerland. Other sensors can be used to measure the magnetic field, such as strain 

15 gages that measure the strain on sensor 80 caused by the magnetic forces. In this instance, 
sensor 80 should be mounted in a cantilever manner to maximize the measurable strain. 

An advantage of using first and second sensors 78 and 80 is that the electrical circuit(s) 
for measuring fuel level resides in the fuel cell or electronic equipment and is reusable. Second 
sensor 80 is also reusable. Only first sensor 78 is replaced if cartridge 40 is disposable, or 

20 when reusable cartridge 40 is replaced at the end of its useful life. This reduces the costs and 
complexity of making fuel cartridges. Another advantage is that these sensors measure the 
remaining fuel without any physical contact with the fuel. 

Other methods of estimating the remaining fuel level using first and second sensors 78 
and 80 can be devised pursuant to this disclosure, and the present invention is not limited to 

25 any particular method of measurement using first and second sensors 78 and 80. 

In accordance with another aspect of the present invention, a thermistor (or thermister) 
can be used to measure the remaining fuel in fuel cartridge 40. A thermistor is a semi- 
conducting resistor that is sensitive to temperature changes. In other words, the resistance of 
the thermistor changes as the temperature changes. Generally, there are two types of 

30 thermistors: negative temperature coefficient (NTC) thermistors and positive temperature 
coefficient (PTC) thermistors. NTC thermistors display a decrease in its resistance when 
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exposed to increasing temperature, and PTC thermistors display an increase in its resistance 
when exposed to decreasing temperature. Thermistors have been traditionally used to measure 
the temperature of a system or a fluid. 

An important aspect of the thermistor's resistance depends on the thermistor's body 
5 temperature as a function of the heat transfer inside the fuel cartridge and the heat transfer 
within the electronic device that the fuel cell powers. Heat transfer occurs mainly by 
conduction and radiation in this environment or from heating caused by power dissipation 
within the device. In traditional temperature measuring function, self heating must be 
compensated so that the accurate temperature can be obtained. In accordance with the present 
10 invention, self heating is not compensated so that the capacity to dissipate heat of the remaining 
fuel inside fuel cartridge can be gauged. The heat capacity is related to the amount of fuel 
remaining in the cartridge. Both NTC and PTC thermistors are usable with the present 
invention. 

Generally, heat capacitance or heat conductivity is described as the ability of a fluid, 

15 i.e., liquid or gas, to conduct or dissipate heat. Liquid, such as water or methanol, has a much 
higher capacity to dissipate heat than gas, such as air or carbon dioxide. The capacity of a fluid 
to dissipate heat is equal to its heat capacitance, which is a constant for a particular fluid, 
multiply by the fluid volume. Hence, this aspect of the present invention measures the volume 
of the remaining fuel by measuring the electrical resistance of the thermistor positioned within 

20 the fuel or on liner 46 containing the fuel. The electrical resistance is then converted to the 

capacity of the remaining fuel to dissipate heat, and this capacity is converted to the volume of 
remaining fuel by dividing out the heat capacitance constant. In other words, higher heat 
capacity corresponds to higher the remaining fuel volume. 

The thermistor-fuel gauge should be calibrated prior to use. The operating temperatures 

25 of the fuel cell and of the electronic device are known. An electrical signal from a full liner is 
recorded and then an electrical signal from an empty liner is recorded. One or more signals 
from known partial volumes can also be recorded. A calibration curve can be drawn from 
these calibration points between these operating temperatures. A real-time signal is compared 
to this calibration curve to determine the remaining fuel. Other methods of calibrations can be 

30 performed without deviating from the present invention. 
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Additionally, since the thermistor is a resistor, electrical current that flows through the 
thermistor generates heat. Therefore, electrical current can flow through the thermistor to 
generate heat that can be dissipated by the remaining fuel, and accurate readings can be 
obtained. In one embodiment, the fuel cell sends the current as a query to the thermistor to 
5 gauge the amount of heat dissipation whenever a remaining fuel reading is desired. The 
electrical current can be sent intermittently or continuously. 

As illustrated in FIG. 5, cartridge 40 has liner 46 containing fuel. Liner 46 is 
pressurized by spring 52, 74 or any other suitable device that can store potential energy. The 
spring is represented generically in FIG. 5. Fuel gauge 90 is a thermistor in this embodiment 

10 and is connected to the circuit through wires 92 and 94. Fuel gauge 90 is preferably positioned 
on the surface of the liner and isolated from the fuel. This circuit measures the heat capacity of 
the fuel and thereby the volume of remaining fuel. The circuit can also apply a voltage across 
gauge 90 to send a current through gauge 90 to measure the heat dissipation by the remaining 
fuel, as described above. Alternatively, gauge 90 can be positioned inside liner 46 and in direct 

1 5 contact with the fuel. 

In accordance with another aspect of the present invention, a thermocouple can be used 
as a fuel gauge. A thermocouple is also typically used to measure temperature and comprises 
two wires made from different metals, and is also known as a bi-metal sensor. The wires are 
joined at two junctions. A potential difference is established when a measuring junction is at a 

20 temperature that is different than a temperature at a reference junction. The reference junction 
is typically kept a known temperature, such as the freezing point of water. This potential 
difference is a DC voltage which is related to the temperature at the measuring junction. Using 
a thermocouple to measure temperature is well known in the art. 

Similar to the thermistor, a thermocouple acts like a resistor that is sensitive to 

25 temperature. The thermocouple is capable of measuring the heat capacity of the remaining fuel 
by measuring the potential difference. Hence, the thermocouple can also measure the 
remaining fuel. Alternatively, electrical current can be sent through the measuring junction of 
the thermocouple. The current heats up the measuring junction and the fuel dissipates the heat. 
The amount of heat dissipated, therefore, relates to the remaining fuel. The current can be sent 

30 intermittently or continuously. The thermocouple fuel gauge should be calibrated similar to the 
calibration of the thermistor, discussed below. 
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As shown in FIG. 5, measuring junction 100 of the thermocouple can be positioned on 
liner 46 or inside the liner and in contact with the fuel. Since the thermocouple is not used to 
measure temperature, a reference junction is optional. 

In accordance with another aspect of the present invention, an inductive sensor can be 
5 used to measure the remaining fuel. Inductive sensors are typically used as on/off proximity 
switches. An inductive sensor contains a wire coil and a ferrite core, which form the inductive 
portion of an inductive/capacitance (LC) tuned circuit. This circuit drives an oscillator, which 
in turn generates a symmetrical, oscillating magnetic field. When an electrical conductor, such 
as a metal plate, enters this oscillating field, eddy currents are formed in the conductor. These 
10 eddy currents draw energy from the magnetic field. The changes in the energy correlate to the 
distance between the inductive sensor and the electrical conductor. 

Referring to FIGS. 3 and 4, sensor 80 can be the inductive sensor and sensor 78 can be 
the electrical conductor. The distance between sensor 80 and sensor 78 in this embodiment 
correlates to the volume of remaining fuel. The electrical circuit illustrated in FIGS. 3 and 4 
15 can measure the changes in the magnetic field directly or with Hall sensors, discussed above. 
Inductive sensors are commercially available from IFM Efector, Inc., in Exton, PA and from 
Sensource in Youngstown, OH, among others. 

The fuel gauges described herein do not depend on any orientation of the fuel cartridge; 
they can function in any orientation. These gauges are usable with pressurized and non- 
20 pressurized fuel supplies containing any type of fuel for use in any fuel cell. Also, these fuel 
gauges can be read by controller(s) such as those disclosed in co-pending application entitled 
"Fuel Cell System Including Information Storage Device and Control System," filed on even 
date herewith. This co-pending patent application is incorporated herein by reference in its 
entirety. 

25 While it is apparent that the illustrative embodiments of the invention disclosed herein 

fulfill the objectives stated above, it is appreciated that numerous modifications and other 
embodiments may be devised by those skilled in the art. For example, the fuel supplies 
disclosed herein can be used without liners, such as liner 46. As most clearly illustrated in FIG. 
4, plate 76 can form a seal with the side walls of cartridge 40 and fuel is stored below plate 76. 

30 Sensors 78 and 80 are located at the same positions as shown. Therefore, it will be understood 



- 12- 



Docket No. BIC-022 

that the appended claims are intended to cover all such modifications and embodiments, which 
would come within the spirit and scope of the present invention. 
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